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reacted 1n a high-temperature zone 1n the presence of oxygen
and/or steam, the reaction mixture 1s cooled after the reaction,
and the pulverulent solid 1s removed from gaseous sub-
stances, wherein at least one metal compound 1s 1ntroduced
into the high-temperature zone 1n solid form and the evapo-
ration temperature of the metal compound 1s below the tem-
perature of the high-temperature zone.
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PROCESS FOR PREPARING PULVERULENT
SOLIDS

[0001] The invention relates to a process for preparing pul-
verulent solids by reacting a metal compound with oxygen
and/or steam 1n a high-temperature zone. The mvention fur-
ther relates to pulverulent solids obtainable by this process
and to their use.

[0002] It 1s known that metal oxide powders can be pre-
pared by means of pyrogenic processes. Commonly, metal
compounds are evaporated and the vapours are converted to
the oxides 1n a flame 1n the presence of oxygen and/or steam.
These pyrogenic processes are known in the literature as
flame oxidation or flame hydrolysis. The disadvantage of this
process 1s the availability of metal compounds whose evapo-
ration temperature 1s suificiently high that they can be evapo-
rated under economically viable conditions. They may, for
example, be silicon tetrachloride, titantum tetrachloride or
aluminium chloride. These compounds are associated with
industrial scale substances, for example Aerosil®, pyrogenic
s1lica powders from Degussa.

[0003] Even neglecting the economic aspect, 1t 1s difficult
to find materials for evaporators which are stable at high
evaporation temperatures, often under corrosive conditions.
This leads to a limitation in the number of pyrogenically
preparable oxides.

[0004] Itwas therefore an object of the invention to provide
a process which overcomes the disadvantages of the known
processes. In particular, the process should be performable in
an economically viable manner. It was a further object of the
invention to provide pulverulent solids which, to date, have
been preparable only 1n a restricted manner, 11 at all, owing to
the high evaporation temperatures of the starting compounds.

[0005] The mvention provides a process for preparing pul-
verulent solids, in which one or more oxidizable and/or
hydrolysable metal compounds are reacted in a high-tem-
perature zone in the presence of oxygen and/or steam, the
reaction mixture 1s cooled after the reaction, and the pulveru-
lent solid 1s removed from gaseous substances, characterized
in that at least one metal compound 1s introduced nto the
high-temperature zone in solid form, the evaporation tem-
perature of the metal compound being below the temperature
of the high-temperature zone.

[0006] The temperature of the high-temperature zone may
preferably be 400 to 3000° C.

[0007] Thereason for the advantage of the process accord-
ing to the mvention 1s in particular that the temperature of the
high-temperature zone 1s utilized in order to evaporate metal
compounds with high evaporation temperature and to react
them immediately. Even in the case of metal compounds
which have a comparatively low evaporation temperature, it
1s now possible to dispense with external evaporators with the
process according to the mvention.

[0008] In the context of the invention, hydrolysable 1is
understood to mean that the metal compounds are converted
in the presence of steam to solid metal oxides and a by-
product which 1s gaseous under the reaction conditions.
Examples thereof are:

TiCl+2H,0—TiO,+4HCI; Si(OEt),+2H,0—SiO,+
AEtOH.

[0009] In the context of the invention, oxidizable 1s under-
stood to mean that the metal compounds are converted 1n the
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presence ol oxygen to solid metal oxides and a gaseous by-
product. An example thereof 1s:

Z1Cl,+0,—Z10,+2CL,

[0010] The size of the metal compounds added 1n solid
form may be within a range of several centimetres down to
nanoscale dimensions. The particle size depends both on
apparatus parameters, for example the flame temperature, and
on substance parameters, for example evaporation tempera-
ture of the metal compound. In general, the size of the metal

compounds added 1n solid form 1s 0.1 to 5000 um, preferably
1 to 1000 pum.

[0011] The metal compound can be introduced into the
high-temperature zone 1n any manner known to those skilled
in the art. For example, the metal compound can be 1ntro-
duced by means of a metering screw, or 1n the form of an
aerosol.

[0012] The metal compound may be supplied to the high-
temperature zone by means of a carrier gas which may be
iert or reactive (for example air, oxygen, nitrogen).

[0013] In a preferred embodiment of the invention, the
high-temperature zone 1s formed by a flame which arises
from the reaction of an oxygenous gas with a hydrogenous
combustion gas. A suitable oxygenous gas 1s in particular air
and oxygen-enriched air. Suitable combustion gases are 1n
particular hydrogen, methane, ethane, propane, butane, natu-
ral gas. The manner in which the flame temperature can be
varied 1s known to those skilled in the art.

[0014] Also known to those skilled in the art are flame types
which are suitable for performing the process according to the
invention, for example laminar or turbulent flames, premixed
flames or diffusion flames, low-pressure or high-pressure
flames, flames which spread below, at or above the speed of
sound, pulsating or continuous flames, reducing or oxidizing,
flames, secondary flames, closed or open flames, flames from
one or more burners, or a mixed form of the aforementioned
flame types.

[0015] The type of the solid metal compound 1s not limited.
The process according to the invention 1s indeed notable for
the problem-iree introduction as a solid. The solid metal
compound may preferably contain, as the metal component,
Ag, Al, As, Au, B, Ba, Be, Bi1, Ca, Cd, Ce, Co, Cr, Cs, Cu, Er,
Eu, Fe, Ga, Gd, Ge, Hi, In, K, La, L1, Mg, Mn, Mo, Na, Nb,
Nd, N1, P, Pb, Pd, Pm, Pr, Pt, Rb, Ru, Sb, Sc, S1, Sm, Sn, Sr,
Ta, Th, T1, TI, Tm, V, W, Y, Yb, Zn, Zr or a mixture of the
alorementioned elements. Particular preference i1s given to
Ag, Al, K, T1, Er, Fe, P, Ta, Yb, Zr.

[0016] In addition, the solid metal compound may prefer-
ably be a chloride, a nitrate, a sulphate, an alkoxide, a car-
bonate, a carboxylate, an acetylacetonate or a carbonyl.

[0017] Intheprocessaccording to the invention, atleast one
metal compound 1s supplied 1n solid form to the high-tem-
perature zone. Further metal compounds may be supplied to
the high-temperature zone 1n vaporous, liquid, dissolved or
suspended form. This also includes the possibility that ametal
compound 1s supplied to the high-temperature zone partly 1n
solid form and partly 1n liquid/gaseous form. For this purpose,
suitable metal compounds are those which contain, as the
metal component, Ag, Al, As, Au, B, Ba, Be, Bi1, Ca, Cd, Ce,
Co, Cr, Cs, Cu, Er, Eu, Fe, Ga, Gd, Ge, HI, In, K, La, L1, Mg,
Mn, Mo, Na, Nb, Nd, N1, P, Pb, Pd, Pm, Pr, Pt, Rb, Ru, Sh, Sc,
S1, Sm, Sn, Sr, Ta, Th, T1, T1, Tm, V, W, Y, Yb, Zn, Zr or a
mixture thereof. In particular, suitable metal compounds are
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chlornides, mitrates, sulphates, carbonates, carboxylates,
alkoxides, acetylacetonates or carbonyls.

[0018] With very particular preference, the following com-
pounds may be used: SiCl,, CH;S1Cl,, (CH,),S1Cl,, (CH;)
S1C1, (CH;), 81, HS1Cly, (CH, ), HS1Cl, CH,C,HS1Cl,, disi-
lanes with the general formula R, Cl,_ S1S1R_Cl,_ where
R—CH, and n+m=2, 3, 4, 5 and 6, S1(OCH,),, S1(OC,H;);,
AlCl;, Al (O1soC;H,), Al (O1so-sec-C,H,), TiCl,, Ti
(O1C;H).,.

[0019] In the process according to the invention, oxygen
and/or steam may preferably be present in such amounts that
the metal compounds are converted completely.

[0020] However, 1t 1s also possible to use oxygen and/or
steam 1n substoichiometric amounts, so that the metal com-
pound used 1s not converted completely. In these preferred
embodiments, the amount of oxygen and/or steam 1s selected
such that 95 to 99.9% of the metal compound used 1s con-
verted.

[0021] The invention further provides a pulverulent solid
obtainable by the process according to the invention. The
pulverulent solid may preferably have a uniform chemaical
composition. In addition, 1t may be present as a physical
and/or chemical mixture of compounds. The pulverulent
solid 1s generally present predominantly 1n the form of aggre-
gated primary particles. The primary particles generally do
not have any pores. However, 1t 1s also possible to prepare
particles having a surface roughness which constitutes a tran-
sition to micropores. Pores can, though, form within the arms
ol an aggregate or between aggregates. The surfaces of the
primary particles generally have hydroxyl groups. The BET
surface area of the inventive pulverulent solid may be 1 to 800
m~/g, particular preference being given to the range of 30 to
400 m*/g.

[0022] The pulverulent solid will preferably be a metal
oxide powder, a mixed metal oxide powder or a metal-metal
oxide powder. Metal oxide powder 1s understood to mean a
powder composed of particles of a metal oxide, for example
titantum dioxide or zircontum dioxide. Mixed metal oxide
powder 1s understood to mean a powder i which there 1s
intimate mixing of different metal oxides at the level of the
primary particles or of the aggregates. The primary particles
have bonds of the M{I)—O-M(II), M(I1)—O-M(n) type,
where M(I) 1s the metal of a first metal compound, M(II) the
metal of a second metal compound and M(n) the metal of an
nth metal compound. Metal-metal oxide powders are under-
stood to mean those powders in which one component 1s
present 1n non-oxidized form. Examples thereol are plati-
num-zirconium dioxide or gold-titanium dioxide.

[0023] The content in the component or the components of
a mixed oxide powder or metal-metal oxide powder which 1s
supplied to the high-temperature zone of the process accord-
ing to the mvention 1n the form of solid metal compounds 1s
not restricted. In the case of mixed oxide powders or metal-
metal oxide powders 1n which the metal compound of the
main component has a low evaporation temperature and the
metal compound of the secondary component a high evapo-
ration temperature, it may be economically viable to supply
only the metal compound of the secondary component 1n
solid form, but to evaporate the metal compound of the main
component externally.

Oct. 30, 2008

[0024] The metal oxide powder or mixed oxide powder
generally has a purity of at least 99% by weight. The purity
may preferably be more than 99.5% by weight and more
preferably more than 99.7% by weight. Impurities may origi-
nate from the feedstocks or result from the process.

[0025] The mvention further provides for the use of the
inventive pulverulent solid as a filler, as a carrier material, as
a catalytically active substance, as a ceramic base material.

EXAMPLES

Example 1

[0026] 2.2 m> (STP)/h of hydrogen and 6.5 m> (STP)/h of
primary air are transierred into the mixing chamber of a
burner. The mixture i1s 1gnited and combusted 1n a flame
entering a reaction chamber. 4.5 kg/h of aluminium trichlo-
ride are metered into the flame by means of a metering screw.
Additionally introduced into the reaction chamber are 20 m>
(STP)/h of secondary air. In a filter or cyclone, the solid 1s then
removed from the offgas stream and subsequently treated
with steam at a temperature of approx. 700° C.

Examples 2-4

[0027] Are performed analogously to Example 1. Feed-
stocks and reaction conditions can be found in Table 1.

Example 5

[0028] 8 kg/h of vaporous silicon tetrachloride are trans-
terred 1nto the mixing chamber of a burner. At the same time,
4.5 m> (STP)/h of hydrogen and 11.9 m® (STP)/h of primary
air are 1troduced into the mixing chamber. The mixture 1s
ignited and combusted 1n a flame entering a reaction chamber.
21 g/h of potasstum chloride are metered into the flame by
means ol a metering screw. Additionally mntroduced into the
reaction chamber are 30 m” (STP)/h of secondary air. In a
filter or cyclone, the solid 1s then removed from the offgas
stream and subsequently treated with steam at a temperature

of approx. 500° C.

Examples 6-8

[0029] Are performed analogously to Example 5.
Examples 9-10
[0030] Arelikewise performed like Example 5, except with

silver nitrate 1n place of potassium chloride.

Example 11 1s likewise performed like Example 5,
but with titanium tetrachloride 1n place of silicon
tetrachloride and 1ron(Il) chloride 1n place of

potassium chlonde.

[0031] The analytical values of the resulting pulverulent
solids can be found 1n Table 2.
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TABL.

(L]

1

Feedstocks and reaction conditions
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Metal compound Reaction gases Temperature
Solid 1 Alr of high-
Evapor- Vaporous H, Primary Secondary temperature
Amount ator temp. Amount m’ m” m” ZONe
Ex. Type o/h °C. Type kg/h (STPYh (STP)Yh  (STP)/h °C.
1  AlICI; 4500 >185 — - 2.2 6.5 20 2016
2 AlCI; 4500 >18 — - 2.4 9.5 17 1612
3 AlCI; 4500 >185 — - 2.5 6.5 20 2215
4 AlCl, 4500 >18 — - 2.2 7.5 20 1810
5 KCl 21 1500  Si1Cl, 8 4.5 11.9 30 1907
6 KCI 21 1500  Si1Cly, 6.5 2.2 4.7 30 2121
7  KCI 41 1500  Si1Cl, 8 4.5 11.9 30 1996
8 KCI 41 1500  SiCly, 6.5 2.2 4.7 30 2121
9 AgNO, 0.55 =444  S1Cl, 8 4.5 10 20 2203
10 AgNO; 0.35 >444  8i1Cl, 8 4.5 8.6 20 2387
11 FeCl, 0.48 =280  TiCl, 1.6 0.3 3.1 2 860
Bi1, Ca, Cd, Ce, Co, Cr, Cs, Cu, Er, Fu, Fe, Ga, Gd, Ge, Hf, In,
TABIE 2 K, La, L1, Mg, Mn, Mo, Na, Nb, Nd, N1, P, Pb, Pd, Pm, Pr, P,
Rb, Ru, Sh, Sc, S1, Sm, Sn, Sr, Ta, Th, T1, T1, Tm, V, W, Y, Yb,
Analvtic values of the resulting pulverulent solids /n, Zr or a mixture thereof.
. , 5: The process according to claim 1, characterized in that
Oxide 1 Oxide 2 . . 1 :
the solid, oxidizable and/or hydrolysable metal compound 1s
BET Content Content a chloride, a nitrate, a sulphate, a carbonate, an alkoxide, a
Ex m*/g  Type Yobywt.  Type o by Wt. carboxylate, an acetylacetonate or a carbonyl.
{ 08  ALO. 100 - - 6: The process according to claim 1, characterized 1n that,
3 155  ALO, 100 - - in addition to the solid metal compound, at least one further
3 90  AlLO, 100 — — oxidizable and/or hydrolysable metal compound 1s intro-
4 106 AlO; 100 — — duced into the high-temperature zone, the metal compound
5 275 SiO, 99.43 K,O 0.42 hoi g Fowid. dissolved dod
$ 289 SiO, 90, 38 K0 054 eing present 1 vaporous, liquid, dissolved or suspende
7 281  SiO, 99.01 K0 0.88 torm.
8 285 SiO; 08.77 K,0 1.07 7: The process according to claim 6, characterized 1n that
7 203 510, ¥8.26 Agy0 1.60 the vaporous, oxidizable and/or hydrolysable metal com-
10 129 SiO, 08.19 Ag,0 1.62 d conta; T al Ao Al As Au R
11 56 TiO, 73 68 Fe.0, 2617 pound contains, as the metal component, Ag, Al, As, Au, B,

1: A process for preparing pulverulent solids, 1n which one
or more oxidizable and/or hydrolysable metal compounds are
reacted 1n a high-temperature zone in the presence of oxygen
and/or steam, the reaction mixture 1s cooled after the reaction,
and the pulverulent solid 1s removed from gaseous sub-
stances, characterized 1n that

at least one metal compound is introduced into the high-

temperature zone 1n solid form, the evaporation tem-
perature of the metal compound being below the tem-
perature of the high-temperature zone.

2: The process according to claim 1, characterized in that
the solid metal compound has a particle size of 0.1 to 5000
L.

3: The process according to claim 1, characterized in that
the high-temperature zone 1s a flame formed by reaction of an
oxygenous gas with a hydrogenous combustion gas.

4: The process according to claim 1, characterized in that
the solid, oxidizable and/or hydrolysable metal compound
contains, as the metal component, Ag, Al, As, Au, B, Ba, Be,

Ba, Be, B1,Ca, Cd, Ce, Co, Cr, Cs, Cu, Er, Eu, Fe, Ga, GGd, Ge,
Hf, In, K, La, L1, Mg, Mn, Mo, Na, Nb, Nd, N1, P, Pb, Pd, Pm,
Pr, Pt, Rb, Ru, Sb, Sc, S1, Sm, Sn, Sr, Ta, Th, T1, T1, Tm, V, W,
Y, Yb, Zn, Zr or a mixture thereof.

8: The process according to claim 6, characterized 1n that
the vaporous, oxidizable and/or hydrolysable metal com-
pound 1s a chloride, a nitrate, a sulphate, a carbonate, a car-
boxylate, an acetylacetonate or a carbonyl.

9: The process according to claim 1, characterized in that
the amount of oxygen and/or steam 1s at least sufficient to
completely convert the metal compound.

10: A pulverulent solid obtainable by the process according
to claim 1.

11: The pulverulent solid according to claim 10, character-
ized 1n that the pulverulent solid 1s a metal oxide powder, a
mixed metal oxide powder or a metal-metal oxide powder.

12: A method of using the pulverulent solid according to
claim 10 as a filler, as a support material, as a catalytically
active substance and as a ceramic base material.
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